The purpose of this study was to determine whether weekly supplementation with nine ounces of prepackaged lean beef sticks could maintain the iron status of college endurance athletes. Thirty-four college endurance athletes (20 female, 14 male) were stratified by sex, baseline serum ferritin concentration, and use of iron supplements, and randomized into an intervention (n = 18) or control (n = 16) group. The participants in the intervention group supplemented their usual diet with nine ounces of prepackaged lean beef sticks per week and a daily multivitamin/mineral supplement containing 18 mg iron. The participants in the control group consumed their normal diet and the daily multivitamin/mineral supplement only. Body composition, dietary intake, and blood markers of iron status (hemoglobin, hematocrit, serum iron, serum ferritin, and total iron binding capacity) were measured at baseline and postintervention. A two-way analysis of variance with group and time as treatment factors was used to determine the main effect of beef supplementation on variables measured. None of the participants in this study was categorized as iron deficient at baseline or postintervention. Heme iron intake was significantly greater (P , 0.003) in the intervention group (3.1 ± 0.3 mg per day) than in the control group (1.5 ± 0.3 mg per day) as a result of the intervention. The intervention participants had significant improvements in hematocrit concentrations; there were, however, no differences in blood iron parameters of serum iron, hemoglobin, serum ferritin, or total iron binding capacity as a result of the intervention. The results of this study suggest that daily intake of bioavailable iron may attenuate the effects of exercise on the iron status of endurance athletes.
Introduction
Iron deficiency (ID), with or without anemia, continues to be one of the most widespread and severe nutritional deficiencies in the world today, affecting more than 30% of the world's population. 1 Iron deficiency is characterized by a depletion of the body's iron stores, which results in a restricted supply of iron to the tissues. 2 Iron deficiency anemia (IDA) occurs when iron stores become sufficiently depleted, causing the hemoglobin (Hb) concentration of the blood to decrease, with resultant adverse health effects. 3 The incidence of IDA in the United States is higher among women of childbearing age (3%-5%) than among adult men (,1%), and ID without anemia is more frequent than IDA, occurring in 12%-16% of women and 2% of men. 4, 5 Athletes, especially endurance athletes, tend to have a significantly increased prevalence of iron deficiency when compared to the general population. 5 Several Dovepress submit your manuscript | www.dovepress.com This article was published in the following Dove Press journal: Nutrition and Dietary Supplements 11 July 2012 Number of times this article has been viewed studies have reported low serum ferritin levels (,25 µg/L or ,35 µg/L) in a large percentage of long-distance runners. 6, 7 Athletes are at increased risk for poor iron status, because of the combined effects of a higher demand for iron with increased blood volume and muscle mass, as well as increased iron losses due to foot-strike hemolysis, gastrointestinal blood loss, and losses through sweating. 5, [8] [9] [10] Female athletes are more susceptible to iron deficiency than male athletes, due to additional losses through menses and intrauterine contraceptive use. 5 Low iron levels result in impaired oxygen transport, which decreases endurance capacity and energetic efficiency and, therefore, is detrimental to athletic performance. 11 One of the most significant factors contributing to iron status is the balance between an individual's iron requirements and iron intake. 12 The recommended dietary allowance (RDA) for all men and postmenopausal women is 8 mg/day of iron, and the RDA for premenopausal women is 18 mg/day. The median daily intake of iron is 16-18 mg/day for men and 12 mg/day for women, 13 which indicates that, while men usually consume an adequate amount of iron, most women do not achieve the daily recommended amount. Dietary iron exists as heme iron (from animal-based sources) or non-heme iron (from plant and dairy foods or supplements). Heme iron is highly bioavailable compared to non-heme iron, and its absorption is affected very little by dietary factors. 13 Meat products not only have a high content of heme iron, but they also increase the absorption of both heme and non-heme iron. 14 Endurance athletes, especially distance runners, tend to consume diets that are low in dietary fat and high in carbohydrates. 10 Iron intake is generally lower in a low-fat diet, 15 and routine consumption of a plant-based diet comprised of protein foods containing mostly non-heme iron can negatively affect iron status over time. 16 Red meat (beef) contains higher amounts of heme iron than poultry, 14 but it can be expensive and time-consuming to prepare. Preliminary data from a recent study suggest that even with knowledge of proper preparation methods and cooking skills, time constraints limit the amount of beef consumed by college-aged individuals (Olson et al, unpublished data, April 15, 2012) . This is especially true for athletes, who are likely to eat between five and ten small meals per day to meet the additional energy requirements of daily training, while avoiding the gastric discomfort associated with consuming large meals. 17 Dietary interventions that increase the intake of bioavailable iron have been effective in improving the iron status of individuals with low iron stores. 18 The addition of small amounts of prepackaged lean beef to an athlete's diet might provide a highly absorbable form of iron that is easily accessible and portable. Therefore, the purpose of this study was to determine whether supplementation with a prepackaged lean beef stick, in addition to a multivitamin/mineral supplement containing iron, would maintain the iron status of college athletes over the competitive season. The working hypothesis was that supplementation with a prepackaged lean beef stick and multivitamin/mineral supplement containing iron would be more effective in maintaining iron stores than supplementation with a multivitamin/mineral alone.
Dovepress

39
O r i g i N A L r E S E A r C H
Methods Subjects
Male and female college athletes, 18-24 years of age, were recruited from the track, cross-country, and volleyball teams at South Dakota State University, with approval from the head coach. Female participants were not pregnant or lactating. Individuals who consented to participate were willing to consume lean beef and discontinue personal use of multivitamin/mineral supplements. Use of iron supplements was documented and allowed to continue, in order to avoid interference with recommendations from the head coach. Participants were required to complete a general health history questionnaire. This study was approved by the South Dakota State University Institutional Review Board, and all participants were required to provide informed consent upon enrollment in the study.
Study design
Participants were stratified based on sex, current use of iron supplements, and baseline serum ferritin levels, and they were randomized into an intervention or control group. The intervention for this study was eight weeks in length. Participants randomized into the intervention group were required to consume nine one-ounce prepackaged lean beef sticks (Silver Creek Specialty Meats, Inc, Oshkosh, WI) per week, in addition to a daily multivitamin/mineral supplement (Equate Complete Multivitamin/Mineral; Wal-Mart Stores, Inc, Bentonville, AR) containing 18 mg iron as ferrous sulfate. The control group consumed the daily multivitamin/ mineral supplement only. The participants in both groups were instructed to maintain their normal diets in addition to the supplements. The beef supplement and multivitamin/ mineral supplement provided 6% and 100%, respectively, of the RDA for iron. The multivitamin/mineral supplements were distributed to both groups at baseline, and the intervention group received a two-week supply (n = 18) of beef sticks on a biweekly basis. Participants in both groups were required to fill out a weekly record annotating consumption of the beef sticks and/or multivitamin/mineral supplements. Records were collected and monitored by study personnel on a biweekly basis. Participants in both groups were advised to maintain typical dietary patterns and continue exercising according to their usual training regimen.
Blood sampling protocol
A blood sample was required from all participants at baseline and at the end of the eight-week intervention period. Participants were advised to fast for at least 12 hours prior to their scheduled blood draw. Sampling was performed by qualified personnel using sterile techniques. Duplicate samples of approximately 15 mL of blood were obtained from the antecubital vein via venipuncture and collected in EDTA tubes. Whole blood samples were analyzed immediately after collection for hemoglobin concentration and hematocrit percentage. Hemoglobin was measured using the cyanmethemoglobin method (H7504; Pointe Scientific, Inc, Canton, MI), and the standard microcentrifuge technique was used to measure hematocrit. Serum was recovered through centrifugation, stored at -40°C, and later assayed for the following biochemical indicators of iron status: serum ferritin, serum iron, and total iron binding capacity. Serum iron was measured using colorimetric assays (H7504). Total iron binding capacity was calculated from the serum iron concentration. Radioimmunoassay (DSL-3000; Diagnostic Systems Laboratories, Webster, TX) was used to assess serum ferritin levels. C-reactive protein (CRP) levels were assessed to test for the presence of inflammation, using a C-Reactive Protein Ultra Sensitive ELISA Kit (Calbiotech, Inc, Spring Valley, CA). For the purpose of this study, serum ferritin levels ,15 µg/L indicated iron deficiency. Iron deficiency anemia was classified by hemoglobin ,12 g/dL for women and ,13 g/dL for men. 1 
Body composition protocol
Body composition testing was required of all participants at baseline and at the end of the intervention period. Body composition was determined using air displacement plethysmography, (BOD POD ® ; Life Measurement Inc, Concord, CA). Subjects were required to refrain from food, water, and exercise for at least two hours prior to testing. All jewelry, eyeglasses, and other types of accessories were removed before entering the BOD POD. Subjects were advised to wear a swimsuit or spandex and swim cap for testing. Weight was measured using the BOD POD scale; the BOD POD was calibrated prior to each test. Subjects were instructed to enter the BOD POD chamber, sit very still, and breathe normally. The system performed a minimum of two trials, and the mean of these values was used in analysis. Body-fat percentage and lean mass were calculated and recorded for each participant.
Dietary protocol
Subjects were required to complete a three-day diet record at baseline and at eight weeks. The three-day diet record was used to assess usual nutrient intake. Participants were advised on how to estimate portion sizes and accurately record intake of food and beverages. The diet records were entered into nutritional analysis software, Food Processor for Windows 2006 (database version 10.2; ESHA Research, Salem, OR). Average intake of calories, carbohydrate, protein, fat, vitamin C, calcium, zinc, copper, total iron, heme iron, and non-heme iron were evaluated. Heme content was calculated as 40% of the total iron content from meat products. 19 In addition, participants taking an iron supplement were asked to document the type and dose.
Statistical analysis
Statistical analysis was performed using commercially available statistical software (JMP ® 7; SAS Institute, Cary, NC). Descriptive statistics were represented by mean ± standard error. A two-way analysis of variance with time and group (intervention versus control) was used to determine the main effect of beef supplementation on the variables measured. Tukey's post-hoc test was used to identify significant differences when a significant F-ratio was obtained for the group × time interaction. Statistical significance was set at P , 0.05.
Results
Subject characteristics
A total of 34 participants completed the study: 18 in the intervention group and 16 in the control group. Twenty-eight participants were recruited from the track and cross-country teams, and six were recruited from the volleyball team. The intervention group was significantly heavier and had less fat-free mass and more body fat than the control group (Table 1) . Both groups had significantly increased body fat and decreased fat-free mass as an effect of time. However, the intervention group gained less body fat and lost less fat-free mass compared to the control group (Table 1) .
Nutrient intake
Due to the beef supplementation, the intervention group had significantly greater intake of total iron, heme iron, and 
Notes:
a Values reported as mean ± SEM. Control participants maintained typical diet and consumed one multivitamin supplement/day. intervention participants added nine ounces of lean beef supplement/week to typical diet and consumed one multivitamin supplement/day;.
b P-value determined using two-way analysis of variance (ANOVA) with group and time. Significance set at P , 0.05. group = between group differences, time = within group differences, group × time = interaction between group and time. Abbreviations: in, inches; lb, pounds; SEM, standard error of the mean.
milligrams of iron per 1000 kcal when compared to the control group (Table 2) . Heme iron intake increased significantly (2.1 ± 0.3 to 3.1 ± 0.3 mg) in the intervention group from baseline to postintervention, while there was no change in the control group. There were no differences between the groups in intake of calories, carbohydrates, protein, fat, non-heme iron, copper, zinc, or vitamin C. The intervention group decreased their calcium intake significantly from baseline to postintervention, and both groups consumed significantly less zinc at postintervention compared to baseline.
Blood iron parameters
Intervention participants had significant improvements in hematocrit concentrations. However, there were no differences in blood iron parameters of serum iron, hemoglobin, serum ferritin, or total iron binding capacity as a result of the intervention (Table 3) . Both groups experienced decreases in serum iron, hemoglobin, and serum ferritin concentrations from baseline to postintervention. There were no sex-based differences in the iron parameters measured at baseline or postintervention. There were no significant changes in CRP concentrations for either group throughout the duration of the study.
Discussion
The purpose of this study was to determine whether supplementation with nine ounces of lean beef per week would maintain the iron status of college endurance athletes during the competitive season. The results of this study suggest that daily supplementation with bioavailable iron may attenuate the effects of exercise on the iron status of endurance athletes.
At baseline, none of the 34 participants were iron deficient (serum ferritin ,15 µg/dL) or anemic (hemoglobin ,12 g/dL). These results are supported by the findings of Weight et al, who observed anemia in only three of 120 endurance runners. 20 In the present study, the intervention group c ontinuously met the RDA (18 mg) for daily iron intake, while the control group decreased to below the RDA postintervention. Compliance with supplementation was maintained by attendance at biweekly meetings and annotation of daily supplement consumption, using weekly calendars. By consuming the additional nine ounces of beef per week, the intervention group was able to increase their average daily heme iron intake by approximately 48% from baseline.
Both groups had significant decreases in serum iron and hemoglobin over time, which was most likely due to intense training over the course of the competitive season. This outcome is in agreement with the findings of Newhouse and Clement, who conducted a review of 21 studies on athletes and iron status, 20 of which demonstrated a high incidence of low hemoglobin values. 21 Hemoglobin concentration decreased to below the normal value in both groups; in the intervention group, however, this decreased by only 11%, compared to a 14% decrease in the control group (P = 0.009). Serum iron and hematocrit remained in the normal range for both groups throughout the study, although the hematocrit values were rather low (39.7%-42.4%). Dressendorfer et al and Weight et al have explained this incidence of "pseudoanemia" (low hemoglobin levels and coexistent normal body iron stores) on training-induced hemodilution, in which plasma volume increases more quickly and to a greater degree than the submit your manuscript | www.dovepress.com increase in red cell volume. 22, 23 This hemodilution can persist indefinitely in athletes engaged in high-energy training, especially those involved in endurance sports. 24 Rushall and Busch performed a study on elite swimmers, in which they found that periods of intense training were coupled with decreased hemoglobin and hematocrit values. 25 Serum ferritin is a more accurate indicator of iron status, because it is not affected by the hemodilution that can occur in athletes involved in training, and it is not variable from day to day. Both groups had normal ferritin levels throughout the duration of the study. In addition, ferritin concentration increased significantly from baseline, by 28% and 21% in the intervention and control groups, respectively. These results are in opposition to several studies that have reported a high incidence of low serum ferritin levels in endurance athletes. In a study by Nachtigall et al, over 50% of the endurance runners had serum ferritin levels lower than 35 µg/L. 6 Extremely low ferritin levels (,25 µg/L) were found in 29% of male and 82% of female elite long-distance runners in a study by Clement et al. 7 A potential explanation for the serum ferritin levels in the current study is that they were increased due to inflammation caused by habitual training. Ferritin is an 
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Notes:
a Values reported as mean ± SEM. Control participants maintained typical diet and consumed one multivitamin supplement/day. intervention participants added nine ounces of lean beef supplement/week to typical diet and consumed one multivitamin supplement/day; b P-value determined using two-way analysis of variance (ANOVA) with group and time. Means with differing letters (xy) are significantly different (Tukey's post-hoc). Significance set at P , 0.05. group = between group differences, time = within group differences, group × time = interaction between group and within group change. Abbreviation: SEM, standard error of the mean. acute-phase protein, and several studies have shown that exercise results in an inflammatory state, which can increase serum ferritin levels considerably. 6, 27, 28 This increase in serum ferritin occurs rapidly and can last for several days, and even weeks. 6 In the current study, CRP levels were measured and found to be insignificant. However, CRP may be a poor indicator of inflammation in relation to ferritin, as the half-life of CRP is 5-7 hours, compared to 30 hours for ferritin. 29, 30 Therefore, decreases in CRP are not necessarily paralleled by decreases in serum ferritin.
The reported significant difference in calcium intake seen in the control group was due to a decrease in the group's dairy consumption at the postintervention data collection. Calcium inhibits the absorption of both heme and non-heme iron, and it may have the capability to alter serum ferritin concentrations. 31 However, this inhibitory effect of calcium on iron absorption might only occur at high calcium intake levels. Little effect has been observed on serum ferritin concentrations when calcium intakes range from 1,000 to 1,500 mg/day. 32, 33 Although there were differences in calcium intake between the groups, it was not believed that this result would impact the iron outcome, as the participants' consumption of calcium was within the recommended ranges.
A practical method for preventing a decrease in body iron stores is to consume a diet rich in bioavailable iron. Lyle et al found that consumption of one meat-containing meal per day was effective in maintaining serum ferritin levels during prolonged, modest exercise. 32 In a study by Tetens et al, women of childbearing age who consumed a meat-based diet were able to maintain serum ferritin, while it declined in those who consumed a vegetable-based diet. 33 The results of these studies are consistent with the results of the present study. By consuming an additional nine ounces of bioavailable iron per week, the intervention group was able to maintain their iron status, despite intense daily training.
Athletes, especially those undergoing strenuous endurance training, are at risk for ID and IDA, due to several factors. 34 Iron deficiency is detrimental to athletes because low hemoglobin concentrations impair the transport of oxygen to muscle tissue, which can negatively affect work performance. 11 Unfortunately, the changes in hematological indicators caused by exercise can make it difficult to accurately assess iron status. In addition, research has shown that long-distance runners tend to eat small, frequent meals that are high in carbohydrates and low in fat. 10, 15, 18 It has been suggested that very high-carbohydrate and low-fat diets might be low in protein and contain inadequate sources of micronutrients such as iron and zinc. 15 Increased iron requirements, in combination with low bioavailable iron intake, can amplify the risk of developing iron deficiency, with or without anemia. Previous research has shown that increasing the intake of bioavailable iron though dietary intervention was effective in improving the iron status of individuals with low stores. 19 The results of this study s uggest that daily supplementation with bioavailable iron may attenuate the negative Table 3 Blood-iron parameters of participants in the intervention and control groups at baseline and postintervention Values reported as mean ± SEM. Control participants maintained typical diet and consumed one multivitamin supplement/day. intervention participants added nine ounces of lean beef supplement/week to typical diet and consumed one multivitamin supplement/day; b P-value determined using two-way analysis of variance (ANOVA) with group and time. Means with differing letters (xyz) are significantly different (Tukey's post-hoc). Significance set at P , 0.05. group = between group differences, time = within group differences, group × time = interaction between group and within group change. Abbreviations: TiBC, total iron binding capacity; SEM, standard error of the mean.
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effects of exercise on the iron status of endurance athletes. In addition, the findings of this study imply that an easily accessible and portable form of lean beef is an efficient way to supplement time-constrained college athletes with highly absorbable heme iron.
